Radio wave penetration into buildings: polarization and spatial characteristics of the rays by Laly, Pierre et al.
Radio Wave Penetration into Buildings – Polarization and Spatial 
Characteristics of the Rays 
 
 
PIERRE LALY, DAVY GAILLOT, MARTINE LIENARD and PIERRE DEGAUQUE 
Dept. of Electronics IEMN/TELICE 
University of Lille 
Bldg. P3, 59655 Villeneuve d’Ascq cedex 
FRANCE  
EMMERIC TANGHE and WOUT JOSEPH 
Dept. iMinds 
University of Gent 
9050 Gent 
BELGIUM 
Martine.lienard@univ-lille1.fr    http://telice.univ-lille1.fr 
 
 
Abstract: - This contribution presents measurements and analysis of the outdoor-to-indoor propagation 
characteristics in the 1.35 GHz band. Indeed, in such a configuration, most of the results already published in 
the literature deal with an analysis of the path loss variation as a function of the position of the receiver inside 
the building, thus when it moves from a light indoor configuration to deep indoor. In this paper we extend these 
results to analyze the change in wave polarization, expressed in terms of cross-polar discrimination factor, and 
to study the distribution of the direction of the rays for many positions of the receiver inside the building. To 
achieve this goal, experiments have been carried out with a real time MIMO channel sounder, designed and 
developed by the authors, and based on flexible software architecture. After describing the main features of the 
sounder and the geometrical configuration of the experiments, results on narrow band and wide band analysis 
will be described. 
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1 Introduction 
The outdoor to indoor channel characteristics has 
already been widely studied but mainly to estimate 
the additional path loss when the mobile unit moves 
inside the building. Indeed, as outlined in [1], the 
way in which signals penetrate into buildings has 
become a central aspect of the deployment of 
femtocells for insuring indoor network coverage. 
Extensive measurements have thus been carried out 
to evaluate the received signal level and thus the 
signal to noise ratio, and to propose adequate path 
loss models. In [2], a study of the extra signal 
attenuation due to building is presented for different 
types of building. However, in an area close to a 
window, Hirota [3] points out that propagation loss 
does not follow the existing formula where loss is 
predicted in proportion to distance. Therefore, for 
path loss predictions, numerous models have been 
proposed. As an example, a theoretical analysis 
method that is a hybrid of ray tracing and physical 
optics is detailed in [4], and in [5] geometrics and 
finite difference methods are proposed.  
Multiple Input Multiple Output (MIMO) systems 
can of course be used for evaluating path loss but 
they also allow getting a more in-depth view of the 
channel characteristics. In [6], MIMO 
measurements at 780 MHz are presented, path loss 
results being compared to two modified versions of 
COST 231 path loss model. The statistical 
properties of the channel matrix and of the capacity 
of the link are analyzed in [7], for a frequency of 3.5 
GHz. In [8], angular spread and other statistical 
parameters characterizing the channel are discussed 
showing the limits of MIMO channel assumptions 
often used in stochastic models. However, this study 
was done assuming that both transmitting (Tx) and 
receiving (Rx) antennas are vertically polarized. 
Nevertheless, the polarimetric characteristics of the 
channel are of prime importance to exploit diversity 
or multiplexing schemes. Results of investigations 
on this point are described in [9] but only if both Tx 
and Rx are inside a building. 
The work described in this paper is thus an 
extension of these previous studies and presents a 
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